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INTRODUCTION
methyl degradation and the specific contribution of the main atmospheric reaction (photo-81 oxidation, ozonolysis, and photolysis) (Muñoz et al., 2011a) . Nevertheless, under the 82 experimental conditions employed high concentrations for both pesticide and NOx (high 83 polluted area), a lower number of specific products were monitored. 84
The present series of experiments performed in the EUPHORE simulators were carried out in 85 order to improve the understanding of the degradation of chlorpyrifos-methyl in the 86 troposphere, the identification of products generated and in its contribution to secondary 87 organic aerosol (SOA) production. The main diurnal process, over semi-urban/rural locations 88 influenced by the pesticide emissions, was reproduced. Measurements from a wide range of 89 specific instruments were carried out to monitor products, both gas phase and particulate h. The analysis of multi-oxygenated compounds by gas chromatography-mass spectrometry 120 (GC-MS) technique plus derivatization was similar to the described in reference (Borrás and  121 Tortajada-Genaro, 2012b) and detailed at Supplementary Information. Blank controls of 122 cartridges and filters showed the absence of artifacts. The use of standards or theAlso, the photoreactor was filled with air from a purification system. Non-detectable 128 hydrocarbons and nitrogen oxides were measured and the aerosol background was 0. The oxidation experiments consisted in the sun exposition under dry conditions (<2% RH, 295-138 298 K) in the absence of initial inorganic seeds, low concentrations of nitrogen oxides and 139 realized in the homogeneous gas phase (Table 1) . For photo-oxidation activated by NOx, HONO 140 was generated by a liquid-phase reaction between a 0.5% NaNO2 solution and a 30% H2SO4 141 solution and transferred via a stream of purified air. Later, chlorpyrifos-methyl was introduced 142 into the chamber in the range of 50 -100 ppbV. After the reactants were mixed for 10 min, 143 the chamber was exposed to natural sunlight (JNO2  6.8×10 ) and the reaction started. The 144 onset of aerosol formation was considered to occur when the first significant particle 145 concentration was registered (signal > 3σbackground). The specific dilution process was 146 determined using SF6 as a tracer (2.3×10 (Table 1 ). In summary, the OH reaction of chlorpyrifos-methyl was weakly favored by the 184 presence of nitrogen oxides as it occurs with other pollutants, since it is a second order 185 reaction where [OH] is higher at the beginning of the reaction (Borrás and Tortajada Genaro., 186 2012a). Information -, being the highest size detected at lower NOx concentrations although the 226 number of particles decreased. This observation can be explained by an incessantly 227 condensation process, promoting bigger particles but in lower particle number concentration. 228
Hence, mean particle diameter and particle number concentration were found NOx dependent, 229 but, in all cases, the particle diameters corresponded to the fine particle fraction (diameters < 230 550 nm). organophosphonates HO-(P(-OH)=O)-OR3, being R1 -CH3 or -CH2CH3 substituent; R2 -CH3 or -290 CH2CH3 substituent; and R3 aromatic or cyclic structures. 291
The first approach was the estimation of atmospheric degradation rates using reactivity 292 models based on SAR methods. The theoretical OH kinetic rate constants, listed in Table 2 rural locations and 7.8 days and 0.6 h for semi-urban locations. The lowest reactivity was 296 expected for the molecules with P=O bond (oxone structure), such as fosfomycin and 297 triphenylphosphate. Meanwhile, the pesticides with the P=S bond (phophorothiote structure), 298 would react faster with OH. Also, the most reactive molecules to OH attack (2 order of 299 magnitude, higher kOH) would be those that included a pirymidin (e,g. pirazinon) or azol 300 structure (e.g. methidation), due to the contribution of aromatic substitution. 301
The second approach was the estimation of the degradation products, following the reaction 302 patterns observed in the degradation of chlorpyrifos-methyl. The generation of the high 303 oxidized gaseous products -carbon oxides, phosphoric acid, and SO2 -, and multi-oxygenated 304 compounds is expected under semi-urban conditions. Table 2 shows the expected photo-305 oxidation products. The expect products for malathion, chlorthion, methyl parathion and 306 phenotrothion are o,o-dimethyl hydrogen phosphorothioate, dimethyl hydrogen phosphate 307 and phosphoric acid. The organophosphorus degradation products for parathion and diazinon 308 are o,o-diethyl hydrogen phosphorothioate and diethyl hydrogen phosphate. Obviously, there 309 is no experimental evidence for the described derivatives, due to the difficulty to synthesizing 310 them. Only the experimental atmospheric degradation of diazinonhas been performed in a 311 simulation chamber, being the proposed phosphothioate detected compounds, 312 hydroxydiazinon and hydroxydiazinon (Muñoz et al., 2011b) . 313 Table 2 . Estimation of photo-oxidation rate constants based on SAR method, half-lives, and 437 more abundant multi-oxygenated products for some organophosphorus compounds. 438 
Atmospheric implications

